A Gram-positive, motile, short rod-shaped, orange pigmented bacterium, designated strain IMTB-3094 T , was isolated from a water sample collected from Tikkar Tal Lake, Haryana, and subjected to detailed polyphasic taxonomic analysis. Strain T possessed most of the phenotypic and chemotaxonomic properties of the genus Exiguobacterium and, based on 16S rRNA gene sequence analysis, was assigned to this genus. Strain IMTB-3094 T exhibited the highest 16S
C 13 : 0 (11.9 %), iso-C 15 : 0 (9.8 %) and iso-C 17 : 1 (12.7 %). The predominant quinones were MK-7 (55.0 %) and MK-6 (26.0 %) with minor amounts of MK-8 (12.0 %). Based on phenotypic, chemotaxonomic and phylogenetic analyses, strain T represents a novel species of the genus Exiguobacterium, for which the name Exiguobacterium aquaticum sp. nov. is proposed. The type strain is IMTB-3094 T (5MTCC 10958 T 5JCM 17977 T ).
The genus Exiguobacterium was originally described by Collins et al. (1983) . Members of the genus Exiguobacterium have been isolated from a wide variety of environments, including potato processing effluent, creamery waste, a tidal flat of the yellow sea, cysts of brine shrimp and glacier meltwater (Gee et al., 1980; Frühling et al., 2002; Yumoto et al., 2004; Kim et al., 2005; Chaturvedi & Shivaji, 2006) . At the time of writing, the number of validly published species names in the genus Exiguobacterium was 13: E. aurantiacum (the type species of the genus; Collins et al., 1983) , E. mexicanum and E. artemiae (Ló pez-Cortés et al., 2006), E. aestuarii and E. marinum (Kim et al., 2005) , E. profundum (Crapart et al., 2007) , E. indicum (Chaturvedi & Shivaji, 2006) , E. sibiricum (Rodrigues et al., 2006) , E. oxidotolerans (Yumoto et al., 2004) , E. undae and E. antarcticum (Frühling et al., 2002) , E. acetylicum (Farrow et al., 1994) and E. soli (Chaturvedi et al., 2008) . In the present study, bacterial strain IMTB-3094 T , isolated from a water sample, was subjected to the polyphasic taxonomy and its characteristics are described herein. 16S rRNA gene sequence comparisons revealed that the isolate was an Exiguobacterium-like organism. The aim of the present study was to determine the exact taxonomic position of the isolate.
Strain T was isolated while studying the bacterial diversity of a water sample collected from the Tikkar Tal Lake (30 u 399 230 N 77 u 49 500 E), Haryana, India, by serial dilution plate technique on tryptic soy agar (TSA) medium (HiMedia) at 30 u C. Reference type strains E. mexicanum MTCC 7759
T and E. marinum MTCC 7751
T were obtained from the Microbial Type Culture Collection & Gene Bank (MTCC), Institute of Microbial Technology, Chandigarh, India. To study the phenotypic characteristics, the isolate was routinely cultivated on TSA medium at 30 u C for 2 days and preserved as glycerol stocks at 270 u C. Colony and cell morphology were studied according to the standard methods (Murray et al., 1994) . The Gram reaction was determined using a Gram staining kit (HiMedia) according to the manufacturer's instructions. Physiological tests, such as growth at different temperatures, ranging from 10 to 55 uC, and NaCl concentrations, ranging from 2 to 15 %, were performed by growing the strain on TSA supplemented with different concentrations of NaCl. The pH range (pH 5-12) and optimum pH for growth were examined as described by Xu et al. (2005) using tryptic soy broth (TSB) as basal medium.
For anaerobiosis, the cultures were streaked on TSA plates and placed in an anaerobic jar (MART), which was evacuated and flushed with Anoxomat unit (MART) using an anaerobic gas mixture consisting of nitrogen (85 %), carbon dioxide (10 %) and hydrogen (5 %). The plates were incubated at 30 u C for 5 days. Catalase and oxidase activity and urea hydrolysis were determined as described by Cowan & Steel (1965) . Cell motility, hydrolysis of casein, gelatin and starch, indole production, hydrogen sulphide production and citrate utilization were determined as described by Smibert & Krieg (1994) . Nitrate reduction was determined as described by Lányí (1987) . Acid production from various sugars (1 %) was tested in minimal medium as described previously by Smith et al. (1952) . Sensitivity of the strain to antibiotics was tested by using antibiotic susceptibility discs (HiMedia) after incubation for 48 h. Oxidation of various substrates was determined by using Biolog GP2 MicroPlates following the method described previously (Mayilraj et al., 2006) .
For chemotaxonomic analysis, freeze-dried cells were obtained by allowing the strain to grow in TSB for 2 days at 30 u C. Cellular fatty acid analysis was carried out by growing the strain on TSA at 30 u C for 36 h. Fatty acids were saponified, methylated and extracted using the standard protocol of MIDI (Sherlock Microbial Identification System, version 4.0). The fatty acids were analysed by GC (Hewlett Packard 6890) and identified by using the TSBA50 database of the Microbial Identification System as described previously (Sasser, 1990; Pandey et al., 2002) . Isoprenoid quinones were extracted and purified as described by Saha et al. (2005) . The purified quinones were separated by reversed-phase HPLC (SCL-10AVP, Shimadzu) using a solvent system of acetonitrile and 2-propanol in a ratio of 65 : 35 with a flow rate of 1 ml min 21 and monitored at a wavelength of 269 nm. Polar lipids were extracted using procedures described by Minnikin et al. (1984) and identified by two-dimensional TLC followed by spraying with the appropriate detection reagent (Komagata & Suzuki, 1987) . The peptidoglycan structure was examined by using hydrolysate of purified cell wall, according to the method of Schleifer (1985) . The amino acids and peptides were separated by two-dimensional ascending TLC as described by Schleifer & Kandler (1972) with the modification that TLC on cellulose sheets (Merck 5577) was used instead of paper chromatography. DNA-DNA hybridization was performed with freshly isolated genomic DNA by using the membrane filter method (Tourova & Antonov, 1988) . The G+C content of genomic DNA was determined spectrophotometrically (Lambda 35, Perkin Elmer) using the thermal denaturation method (Mandel & Marmur, 1968) .
Genomic DNA extraction, amplification and sequencing were performed as described previously (Mayilraj et al., 2006) . The 16S rRNA gene was amplified using primers 8-27f (59-AGAGTTTGATCCTGGCTCAG-39) and 1525r (59-AGAAAGGAGGTGATCCAGCC-39) (Rainey et al., 1996) . The amplified DNA fragment was separated on a 1 % agarose gel, eluted from this gel and purified using a QIAquick gel extraction kit (Qiagen). The purified PCR product was sequenced with four forward and three reverse primers, namely 8-27f, 357f (59-CTCCTACGGGAGGCAGCAG-39), 704f (59-TAGCGGTGAAATGCGTAGA-39), 1114f (59-GCAACGAGCGCAACC-39), 685r (59-TCTACGCATTT-CACCGCTAC-39), 1110r (59-GGGTTGCGCTCGTTG-39) and 1525r (Escherichia coli numbering system). The 16S rRNA gene sequence was determined by using the dideoxy chain-termination method with the Big-Dye terminator kit in an ABI 310 Genetic Analyzer (Applied Biosystems). The identification of phylogenetic neighbours was initially carried out using the EzTaxon server 2.1 against the database of type strains of valid prokaryotic names (http://www. eztaxon.org/; Chun et al., 2007) . The 16S rRNA gene sequence of strain T was obtained and those of representative closely related species were retrieved from the EzTaxon server and aligned using MEGA version 5.0 (Tamura Exiguobacterium aquaticum sp. nov. . +, Positive; 2, negative, S, sensitive; R, resistant; PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; ND, not determined. All data were from the present study. All strains were positive for growth at 15-42 u C and the production of catalase and tolerated up to 10 % (w/v) NaCl. All strains were negative for indole, urease and H 2 S production, citrate utilization, methyl red and Voges-Proskauer tests and production of acid from xylose, rhamnose, lactose, inositol, adonitol, galactose, raffinose and inulin; positive for sucrose, trehalose and fructose. All the strains were negative for oxidation of the following substrates using Biolog GP2 plates: inulin, mannan, (Fig. 1) was reconstructed using the neighbour-joining method as well as the maximumparsimony and maximum-likelihood algorithms. Bootstrap analysis was performed to assess the confidence limits of the branching.
Strain IMTB-3094 T was Gram-positive, short rod-shaped and motile. Colonies of the strain on TSA were orange pigmented, 1-1.5 mm in diameter, circular and smooth. The optimum growth temperature was 30 u C (study range 15 u C-42 u C) while the optimum pH for growth was found to be pH 8 (study range pH 5-12). The strain was tolerant in 0 to 10 % (w/v) NaCl, the optimum being 7 %. The strain was found to be positive for nitrate reduction, starch hydrolysis, gelatin liquefaction and catalase activity, and negative for hydrolysis of casein, methyl red and VogesProskauer tests and production of oxidase, indole, hydrogen sulphide and urease. Acid was produced from trehalose, sorbitol, sucrose, D-fructose and D-mannitol but no acid was produced from L-arabinose, salicin, D-mannose, adonitol, lactose, glucose or cellobiose. Antibiotic susceptibility tests indicated that the strain IMTB-3094
T was sensitive to the following antibiotics (mg/disc): ampicillin (10), gentamicin (10), neomycin (30), trimethoprim (5), penicillin G (10), meticillin (5), cepoxitin (30), norfloxacin (10), kanamycin (30), ciprofloxacin (5), colistin(10), oxacillin (5), novobiocin (30), oxytetracycline (30), sulfadiazine (300), sulfasomidine (300), nitrofurantoin (300) and bacitracin (8), rifampicin (2); and was resistant to optochin (10).
The detailed differential phenotypic characteristics of strain T and related type strains of the genus Exiguobacterium are shown in Table 1 ; other characteristics of strain T are mentioned in the species description. Strain IMTB-3094 T very clearly differed from the most closely related species of the genus Exiguobacterium by being either positive or negative in the following reactions: growth at pH 5 and 6 and 13 % (w/v) NaCl, acid production from arabinose, sorbitol, glucose, cellobiose, lactose and salicin, oxidation of Tweens 40 and 80, L-lactic acid, D-galactose, xylitol, acetic acid, pyruvic acid, cyclodextrin, 2,3-butanediol and N-acetyl L-glutamic acid. Strain IMTB-3094
T was found to be resistant to optochin but sensitive to nitrofurantoin, bacitracin and rifampicin. Most of the chemotaxonomic properties and the fatty acids detected from the novel strain were consistently found in members of the genus Exiguobacterium. The major fatty acids detected were iso-C 17 : 0 (16.1 %), anteiso-C 13 : 0 (19.0 %), iso-C 13 : 0 (11.9 %), iso-C 15 : 0 (9.8 %) and iso-C 17 : 1 (12.7 %). The fatty acid compositions of the reference strains were qualitatively similar but varied quantitatively from that of strain IMTB-3094 T ( Table 2 ). The peptidoglycan of strain IMTB-3094 T contained L-lysine as the diagnostic di-amino acid. The predominant quinones were MK-7 (55.0 %) and MK-6 (26.0 %) with minor amounts of MK-8 (12.0 %). The major polar lipids detected in the strain were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE) and six unknown lipids, as shown in Fig. S1 (available in IJSEM Online).
The 16S rRNA gene sequence of strain IMTB-3094 T (1480 bp) was aligned with the 16S rRNA gene sequences of other closely related species. Sequence analysis revealed that strain IMTB-3094 T showed the highest degree of sequence similarity with E. mexicanum MTCC 7759 T (99.5 %) followed by E. aurantiacum MTCC 6414 T (99.1 %), E. aestuarii MTCC 7750 T (98.0 %), E. profundum MTCC 10851 T (98.0 %) and E. marinum MTCC 7751 T (98.0 %). Based on the 16S rRNA gene sequence similarity, the strain was assigned to the genus Exiguobacterium. The neighbour-joining phylogenetic tree (Fig. 1 ) demonstrated that strain IMTB-3094 T formed a separate lineage along with the closely related species. This was also evident in the phylogenetic tree reconstructed using the maximum-parsimony and maximum-likelihood algorithms (shown as closed circles at the nodes in Fig. 1) where the strain was recovered as a separate clade. In addition, the DNA-DNA relatedness values between strain IMTB-3094 T and the other related taxa were found to be E. mexicanum (47.6 %) followed by E. aurantiacum (43.9 %), E. aestuarii (46.2 %), E. marinum (45.8 %) and E. profundum (42.9 %), which is below the standard threshold value for bacterial species delineation (Wayne et al., 1987) . At a level of 3-5 % dissimilarity in 16S rRNA gene sequences, other species of the genus can be excluded from DNA hybridization studies (Stackebrandt & Goebel, 1994) ; therefore, DNA-DNA hybridization was not performed for the remaining species. The DNA G+C content of strain T was estimated to be 53.2 mol%. The main features that distinguish strain T from the closely related species are demarcated clearly in Tables 1 and 2 . Based on the phenotypic and chemotaxonomic data presented herein, strain IMTB-3094 T represents a novel species of the genus Exiguobacterium, for which the name Exiguobacterium aquaticum sp. nov. is proposed.
Description of Exiguobacterium aquaticum sp. nov.
Exiguobacterium aquaticum (a.qua9ti.cum. L. neut. adj. aquaticum living in water, referring to the isolation of the type strain from water).
Cells are Gram-positive, facultatively anaerobic, short rods (0.621.062.0-3.0 mm) that are motile in nature. Colonies on TSA are circular, glossy, raised and orange pigmented. Growth occurs at 15-42 u C, with optimum growth at 30 u C and pH 8.0. Tolerates up to 10 % (w/v) NaCl. Cells are catalase-positive and reduce nitrate to nitrite. Positive for starch hydrolysis and gelatin liquefaction. Negative for hydrolysis of casein, production of oxidase, urease, hydrogen sulphide and indole and methyl red and VogesProskauer tests. Acid is produced from trehalose, sorbitol, sucrose, D-fructose and D-mannitol. Details of other phenotypic properties are mentioned in Table 1 . The peptidoglycan contains L-lysine as the diagnostic diamino acid. The predominant quinones are MK-7 (55.0 %) and MK-6 (26.0 %) with minor amounts of MK-8 (12.0 %). The polar lipids are phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE) and six unknown lipids. The major fatty acids detected are iso-C 17 : 0 (16.1 %), anteiso-C 13 : 0 (19.0 %), iso-C 13 : 0 (11.9 %), iso-C 15 : 0 (9.8 %) and iso-C 17 : 1 (12.7 %) .
The type strain, IMTB-3094 T (5MTCC 10958 T 5JCM 17977 T ), was isolated from a water sample collected from Tikkar Tal Lake, Haryana, India. The DNA G+C content of the type strain is 53.2 mol%. 
